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students. Our positive experience with teaching the game, combined with students’ eva-
luations, confirms its value.
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1. Introduction really understanding bottlenecks and their implications in
Today’s business environments are shaped by various real-life applications. Moreover, literature shows that
constraints, such as supply, capacity, and demand, and ~ TOCis closely linked to linear programming (LP) and that
are characterized by intense competition and increasing ~ both TOC and LP can determine the optimal product mix
complexities. To make decisions in such a context, future ~ (Luebbe and Finch 1992, Coman and Ronen 2000). How-
(operations) managers should understand how to deal ~ ever, TOC does not necessarily guarantee optimal results,
with constraints in production and have the skills to  especially for larger or more complex problems, but it pro-

mathematically model and solve such problems to sup- ~ vides insight on how to manage bottlenecks (Linhares
port their decisions. Unfortunately, teaching students 2009, de Souza et al. 2013). Therefore, we wanted students,
theory of constraints (TOC), to enrich their understand- ~ as future managers, to understand the impact of con-
ing of how to deal with constraints, and mathematical ~ straints in production processes and to develop skills in
modeling is challenging, especially at the Bachelor level. optimization modeling and solving larger problem
In most cases, even when students are offered many instances using Excel Solver. This led to the development
exercises and homework to practice TOC and optimiza-  of an interactive and tangible classroom game.
tion modeling, their motivation to practice many of these Despite already existing games on TOC and capacity
similar exercises is low. We also observe that some stu-  management (Goldratt and Cox 1984, Luo and Munson

dents perform the steps of TOC learned in class (see the ~ 2022), as well as optimization and LP (Belién et al. 2024),
foundational book by Goldratt and Cox (1984)), without =~ most addressed these topics separately, and none fully
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met the specific needs of our students in their current
form. Our main objective was to develop a tangible
game that visualizes a production process with multiple
sequential workstations, allowing students to experi-
ence the challenges of deciding which products to make
and how to expand their capacity. In addition, the game
is designed to help students experience the implications
of a bottleneck, demonstrate the need for optimization-
supported decision making, and encourage collabora-
tive decision making within a team.

As companies do not operate in isolation, their deci-
sions are influenced by those of other companies in the
same market. Therefore, we simulate this competitive
environment in the game. In particular, in addition to
allowing students to compete for achieving maximum
profit at the end of a game, in an extension of the game
(i.e., referred to as Module 2), we incorporate competi-
tion for acquiring extra capacity, as well as competition
for overall market demand. The competition for acquir-
ing extra capacity (through the purchase of an extra par-
allel machine or a better machine as replacement of an
old machine) is introduced via auction events. In partic-
ular, before the production and selling period starts, the
companies/teams have the choice to acquire additional
production capacity on the auction events, for which
they have to determine their bidding price. Competing
for overall market demand creates extra dynamics in the
game. Teams may need to adjust their production deci-
sions based on the potential product offerings of other
teams. To the best of our knowledge, this is the first
game to illustrate the impact of competition (for capacity
and demand) in a production environment on com-
pany’s production and capacity decisions.

The overall goal of integrating this game in our classes
is to reap the benefits of active learning and gamification
in terms of learning, motivation and engagement
(Michael 2006, Caponetto et al. 2014). Moreover, the col-
laborative and competitive aspects of the game stimulate
cognitive and motivational learning outcomes (Sailer
and Homner 2020).

Because games should not be too difficult to avoid stu-
dents disengaging and should be challenging enough to
stimulate learning (Lomas et al. 2017), we developed a
“modular” game that has very simple rules. Module 1 of
the game is simple and designed to teach the fundamen-
tals of product mix decisions in the context of producing
different toy cars under capacity and demand con-
straints, using the TOC and LP optimization and extend-
ing it to a linear integer programming (IP) by requiring
decision variables to take integer values. In particular,
the process consists of a sequential production line with
five different workstations, where four different types of
toy cars—each with unique profit margins and proces-
sing times—are manufactured. Module 2 of the game
extends Module 1 by incorporating auction-based
capacity investment decisions and competition for

overall market demand. It aims to teach extensions of the
LP model to support decision making and to enhance stu-
dents’ understanding of how competition influences their
decisions and introduce them to the concept of game the-
ory. Having different “game modules” also allows for
customization in use, based on the learning objectives,
skills of students, and teaching time constraints.

Despite increased digitization, incorporating hardware
and tangible items in courses, as in our game, enhances
learning outcomes, motivation, engagement, social inter-
action, and fun (Naik 2014, Shodhan 2017, Petri et al.
2018). This is in line with many other physical educational
games, such as the beer game (although online versions
exist), the dressing change game (Tucker and Lefton
2015), the Zu Zitter Game (Wright 2015), and assembly-
line, production control, and constraint management
games (Fish 2005, Klotz 2011, Grandzol and Grandzol
2018, Wilson 2018, Thiirer et al. 2020). Our game provides
students with visual and tactile experience of production
systems, enabling them to gain real-life experience in
managing production lines “manually” and understand
the consequences of their decisions quickly.

This game has been played since September 2023 with
more than 500 Bachelor, Master, and MBA students at
IESEG School of Management (Lille and Paris Campus,
France) and has successfully increased students’ learn-
ing, engagement, and interest related to operations man-
agement concepts.

Our paper advances the operations management
game literature by presenting a physical educational
game that is flexible in use, simultaneously covering
both TOC and optimization. In what follows, we position
our game in relation to other existing games (Section 2),
provide a detailed overview of our game’s setup (Sec-
tion 3), discuss our classroom experience with the game
(Section 4), and conclude with final remarks (Section 5).

2. Literature Review

2.1. TOC Games

TOC was first introduced in the foundational book “The
Goal” (Goldratt and Cox 1984). It is a methodology that
includes different steps to identify and optimize the use
of a “system constraint” (i.e., bottleneck) and improve
the overall system performance. A widely used game to
illustrate TOC is the dice game. The game dates back to
the work of Goldratt and Cox (1984) and has since then
been widely applied and commercialized, with a wide
range of (simulation-based) game variants (Johnson and
Drougas 2002, Umble and Umble 2005, Lambrecht et al.
2012). The dice game includes a production line of differ-
ent workstations with variable processing times, with
the latter determined by a dice role. Workstations with a
low dice role limit throughput and become bottlenecks.
The main learning objective relates to showing the detri-
mental effect of processing time fluctuations on
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throughput and idle time and understanding the con-
nection between variation in process times and work-in-
progress (WIP) inventory (Goldratt and Cox 1984). Note
that there also exist case studies, rather than games, that
aim to illustrate TOC and its link with WIP inventory
and changeover times in a production line (Orchard
2019). The dice game focuses on a fixed process flow
through the workstations, whereas some other games
also look at flow shop environments (such as the job
shop game by Holt (2002)).

Luo and Munson (2022) extended the traditional dice
game by developing an Excel-based simulation that
allows students to explore several possibilities to
improve the production process such as buying/selling
capacity, decreasing/increasing processing time vari-
ance, adding/reducing the number of workstations, or
adding beginning inventory. In particular, in the game
by Luo and Munson (2022), each team selects one
improvement option on a printed sheet of paper, after
which the instructor enters their decisions and runs the
simulation to show the resulting changes in throughput
and revenue. Although this simulation illustrates how
process improvements can enhance throughput, it
remains static, offering students limited real-life experi-
ence in managing a production line or understanding
how competition impacts production and capacity
decisions.

The games and simulations described above focus on
capacity management under uncertain processing times,
which is why they do not add the complexity of multiple
product types, but only look at one type of product. In
contrast, the purpose of our game is to determine the
optimal production of different types of products to
maximize the profit while identifying the bottleneck
workstation. Teaching students how to apply both TOC
and LP for optimal decision making for such problems
cannot be effectively achieved in environments with
only one product type or where bottlenecks constantly
shift due to fluctuating processing times. Moreover,
adding the complexity of constraints in raw material
supply (Chakravorty and Verhoeven 1996) would also
over-complicate the problem for our learning objectives.

Research articles on education and learning that focus
on the application of TOC to determine the ideal product
mix are rather limited. Hays (2008) developed a web-
based interactive exercise that focuses on a profit maxi-
mization problem of an assembly line with two product
types to encourage students to use the TOC in a real
environment. However, the TOC may not guarantee
optimal solutions in more complex production systems
with multiple constraints and more than two products
(de Souza et al. 2013). Our game is different to Hays
(2008) because it focuses on more complex settings. First,
our game considers a production system that produces
more than two products. This requires students to com-
plement the basic TOC steps with LP to find optimal

solutions. Second, in Module 2 of our game, teams can
increase their production capacity (i.e., buying an extra
machine to use in parallel or a machine to replace an old
one). To make a sound decision on their maximum will-
ingness to pay for this extra capacity, students can use
again LP, further advancing their mathematical pro-
gramming skills. Third, our game includes two forms of
competition in its Module 2: competing for obtaining an
(extra or replacement) machine to increase their capacity
and competition for overall demand. This helps students
understand the challenge of competition on decision
making. As such, our game represents a solid basis for
introducing students to TOC and mathematical pro-
gramming, as well as decision making under competi-
tion and game theory.

Contrary to previous TOC games that mostly focus on
maximizing throughput, our board game focuses on
product mix and capacity extension decisions with the
aim to maximize profit. These questions have not been
addressed yet by previous TOC games, especially not
under the competition for capacity extension and total
market that we consider. Moreover, despite multiple
games on optimization (Belién et al. 2024), none of them
have focused on addressing the problems and decisions
we focus on; we are the first to combine TOC and mathe-
matical programming learning in a tangible game in a
competitive setting.

2.2. Operations Management Games That
Incorporate Competitive Elements

In our proposed game, we introduce competitive ele-
ments where teams compete to achieve the highest profit
but also to acquire new capacity and capture a limited
market demand for different types of toy cars. Previous
studies highlighted the benefits of competition in learn-
ing, noting that it enhances active participation, engages
students with traditional operations management topics
and stimulates curiosity (Wood 2007, Thrasher 2008,
Belién et al. 2024).

Related to games that include competition, Arunacha-
lam and Sadeh (2005) developed a multiagent simula-
tion platform to coordinate sourcing, procurement,
production, and customer bidding decisions of supply
chain trading agents operating under supply and
demand uncertainty. Agents compete for customer
orders and components and plan production on a single
machine that produces different product types. The pro-
duction problem for their setup, under deterministic
conditions, represents the single machine total weighted
tardiness scheduling problem. However, our game
simulates the production problem of determining the
optimal product mix within a production system con-
sisting of multiple workstations, taking into account
capacity and demand constraints.

Abasian et al. (2020) developed an online transporta-
tion game in a simulated forest supply chain. The game
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players, as competing companies, are making simulta-
neous decisions on the available resources. Zhao et al.
(2023) developed a supply chain contract and collabora-
tion simulation, in which multiple supply chains that
sell fresh-cut flowers compete on the same market. Sup-
ply chain members collaborate to beat other supply
chains and increase the total supply chain profit, but at
the same time bargain to protect their own interests
from other members belonging to the same supply
chain. Within each supply chain, ordering quantities,
wholesale and retail prices, and the marketing mix are
determined, and production capacity allocation and
operation decisions are made. In contrast to Abasian
et al. (2020), Zhao et al. (2023) who focused on supply
chain coordination, in our production game, the teams
(i.e., manufacturers) compete for acquiring scarce capac-
ity resources via auction events and for capturing overall
market demand.

Games developed to simulate competitions with auc-
tions have mainly focused on sourcing. The Bucknell Auto
game by Chen and Bailey (2018), a spreadsheet-based bid-
ding game, focused on a reverse auction for supply chain
sourcing. Students have the role of a seller and compete
for demand with the automated competitors. The objec-
tive is to learn bidding competitiveness. Teich et al. (2005)
developed the bread-flour-grain trading game for
e-procurement, in which students take the role of both a
supplier and a buyer, and design online auction events
via a web-based auction system.

The competitive car production game presented in this
article enables students to understand how competition
affects production and investment decisions, by compar-
ing scenarios with and without competition. Thus, this
approach provides a solid introduction to decision mak-
ing in competitive environments, game theory, auctions,
in addition to TOC and mathematical programming.

3. Game Description

In the competitive car production game, we simulate a
setting of producing toy cars. While playing the game
(i.e., managing the production line), students should be
able to (1) identify the bottleneck workstation; (2) under-
stand the importance of using appropriate methods, such
as TOC and mathematical programming, to determine

the optimal product mix; (3) learn how to plan and sched-
ule production; and (4) make production and capacity
decisions in a competitive environment. The game con-
sists of two modules. Module 1 is the base game of the
product mix problem without competition. Module 2 is
an extension to Module 1 of the game with competition.

3.1. Module 1

At the beginning of the game session, we provide stu-
dents with the learning objectives of the competitive car
production games (Module 1) and describe the problem.

3.1.1. Learning Objectives. The learning objectives are
as follows: (i) understand how to manage production
processes; (i) understand the production limitations
caused by a bottleneck in the process; (iii) identify and
optimize the use of a bottleneck and improve the overall
system performance; (iv) understand the concepts of
TOC and LP; (v) develop skills to mathematically model
and solve production problems; and (vi) recognize the
need for improved production scheduling.

3.1.2. Problem Description. The company produces
and sells four types of toy cars: blue racing cars, green
city cars, pink convertible cars, and yellow sports cars.
The toys are manufactured in a production system
consisting of five workstations in sequence: mold dye,
plastic injection molding, painting, assembly, and pack-
aging. The company would like to determine the opti-
mal product mix in order to maximize its profit
considering demand and capacity constraints.

To better understand the production process of the
company, we show to students a video such as “hot
wheels” or Pixar car’s “Lightening McQueen Die-Cast
Car” production (Comedy Never Sleeps 2015, Old Man
Diecast 2021, Pixar Cars 2024). This increases students’
immersion in the game and also stimulates their interest
in real-life operational production environments. We
then provide more details about the production system
and game rules as discussed below. We refer the reader
to Figure 1 for a visualization of the game setup and
Table 1 on the pedagogical design of the game.

Figure 1. Car Game Setup per Student Team (i.e., One Production System)

Demand Workstation 1 Workstation 2

Workstation 3

Workstation 4 Workstation 5

S35 T [ | == [ ]

e—dedl | | m EEEE B 1 [ |
= 1 | T 1 ]
ca< BN | ]

L

Inventory Inventory
between between
WS1&2 WS2&3

Inventory Inventory
between between
Ws3&4 WS4&5




Downloaded from informs.org by [216.73.216.140] on 08 June 2026, at 10:58 . For personal use only, all rights reserved.

Van den Broeke and Mlinar: The Competitive Car Production Game
INFORMS Transactions on Education, 2026, vol. 26, no. 3, pp. 233-246, © 2025 The Author(s) 237

Table 1. Pedagogical Design of the Game: Module 1

Collaboration/

competition

Learning

Material needed

aspect

Length

Decisions by students

Setup

Game stage

Understanding the rules of the game and its

Slides and videos to

NA

15 min

*

NA

Introduction to  Explain the game setting and

learning objectives, including how it is

explain the context/

theory.

rules

Module 1

played and the specific skills/knowledge it

aims to develop.
Increase interest in OM. Understand

The number of material

Students

Strategy discussion

Each student team manages 1 Determine the

Module 1

production limitations caused by

+Total number

of students/5

sets

collaborate in
a team, but

per team

production level of
each toy car type,

production line with 5 WSs.

bottlenecks, and that producing high

(+£15 min)
Game Play

There are 4 different toy cars
that can be produced and
sold. Each toy car type has

margin products are not always the most
strategic choice. Recognize the need for

improved production scheduling.

assembly lines. The

compete with
other teams
for the

while considering

set includes: the board
(5 workstations and 4
buffer locations) and

(£15 min).
Total: =30 min

capacity and demand

constraints to

different processing times per
WS and unit margins.
Demand is known.

highest profit.

maximize the profit.
Manage the production

toy cars as visualized

in Figure 1.
Slides and videos to

line.

NA

Develop an understanding of TOC and LP to

NA

Debrief (+15 min)
Explanation of

Debrief with the teams. Explain

Debrief

determine the optimal product mix under
constraints. Apply production scheduling

explain the context/

theory

the Product Mix problem with
TOC and LP, and Gantt chart
for production scheduling.

concepts

techniques using Gantt charts to visualize

and manage production.

(£60 min).
Total: =75 min

Note. NA, not applicable.

3.1.3. Product Types. The toy car company produces
and sells four types of toy cars: (1) blue racing cars, (2)
green city cars, (3) pink convertible cars, and (4) yellow
sports cars. In our further explanation, we denote the
type of car by i, with a blue, green, pink, and yellow car
represented by iequal to 1, 2, 3, and 4, respectively.

3.1.4. Workstations and the Manufacturing Process. The
production line to produce these toy cars consists of five
sequential workstations (with a specific workstation
(WS) denoted by j): (1) the mold dye, (2) plastic injection
molding, (3) painting, (4) assembly, and (5) packaging,
represented by j equal to 1, 2, 3, 4, and 5, respectively.
Note that a machine in a WS can process only one toy car
at a time but is able to produce different types of cars.
Production is carried out in sequence (i.e., each toy car
should be produced first on the mold dye machine, then
it requires plastic injection molding, afterward painting,
assembly, and finally packaging). Between two worksta-
tions, there is a buffer/ WIP of cars that are waiting to be
processed on the next workstation in case this machine
is still occupied by the production of another car. The
processing of a product type i on a specific workstation j
requires a certain amount of time, denoted by t;. In
Figure 1, the number of squares of a certain color on a
machine represents the processing time for toy cars of
that color on that machine. For instance, a green toy car
requires two periods (or rounds) of processing time on
WS1,sothatty; =2.

3.1.5. Forming Teams. A team of ideally five students
manages the production system, with each student
within a team being responsible for a specific worksta-
tion. Note that the size of a team can be decreased or
increased depending on the needs. For instance, the
instructor can assign two workstations to one student or,
alternatively, assign two students to one workstation.

3.1.6. Demand and Unit Margin. Demand of each prod-
uct type i during a certain planning horizon T for each
team is known and denoted by d;. If the company sells a
product of type i, it generates unit margin ;. At the start
of the game, the instructor should place the required
number of toy car pieces of each color in front of WS 1,
matching the customer demand for each car type (as
shown in Figure 1). Particularly, as illustrated, the
demand of toy car type i equal to 1, 2, 3, and 4 is four,
seven, six, and five units, respectively.

3.1.7. Decisions in Module 1. Each team must decide
how many units of each toy car to produce to maximize
the company’s profit during a given planning horizon T.
Teams are also responsible for managing the production
line, including determining the production schedule
(i.e., the order of producing products).
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3.1.8. Additional Information. The planning period T,
defined as a series of rounds, is set by the instructor.
Information on production times, demand, unit mar-
gins, and the number of rounds is provided in the teach-
ing note of this article. The instructor can further explain
that teams are competing to achieve the highest profit to
engage more actively students by introducing a compet-
itive aspect in the game (Sailer and Homner 2020).

3.1.9. Sequence of Movements. Figure 2 illustrates the
movement of cars from the end of one round to the start
of the next. The main rules governing the sequence of
movements are as follows:

1. A toy car advances by one square on a machine
each round from left to right (see Step 3 in Figure 2,
where the blue car moves from the first square to the
second square of WS 2).

2. If a machine on a WS is available, a toy car should
be taken either from the inventory (see Step 1 in Figure
2 where a green car is taken to be produced on WS 1;
and Step 6, where the yellow car is moved from the
buffer between WS 4 and 5 to WS 5), or from a machine
on the preceding WS if that station has completed its
operation (see Step 4 where the yellow car moves from
WS 3 to WS 4).

3. If a machine on a WS is available, and several toy
cars are waiting in front of it (e.g., the pink and yellow
cars before WS 5), the manager of that WS decides
which car to process next (in Step 6, the yellow car is
selected).

4. If a machine has completed its operation on a toy
car, the car can either (i) be placed directly on the first
square of the same color on the machine of the succes-
sor WS, provided that the WS is available (see Step 4),
or (ii) moved to the inventory between these two WSs
if the successor WS is occupied (see Step 2 where the
blue car is moved from WS 1 to the inventory between
WS 1 and WS 2) or if the manager of that WS decides to
process a different toy car from the buffer (as in Step 6).

5. Once a car completes the final production step at
WS 5, it exits the production system and is considered
a finished product (see Step 7 where the green car exits
the production system).

Figure 2. Car Game Movements Illustration

To keep track of the decisions per team, the instructor
can give each team a paper sheet containing two tables:
“Schedule of production,” and “Quantity Produced and
Profit Table” (in “Paper Sheet of Module 1” in the Online
Appendix). At the end of each round, the student in
charge of WS 5 should register the color of the toy car
that exited the system (if any) in the table “Schedule of
production.” At the end of the game, the team should
count the number of each car type produced, calculate the
total profit, and record these values in the “Quantity Pro-
duced and Profit Table.” The instructor then collects
paper sheets of all teams and announces the winner.

3.1.10. Debrief and Learning of Module 1. Upon com-
pleting Module 1, students can be asked to identify the
bottleneck workstation in the production system and
discuss why not all demand can be met. Following this
game, the instructor can teach the product mix problem
using TOC and show how LP modeling and the Excel
solver can help to determine optimal production quanti-
ties. Because TOC and LP are closely related and each
has its own advantages, we believe it is important for
students to learn about both (Rahman 1998). Although
LP is a powerful tool for solving (large) TOC-related pro-
blems (Balakrishnan and Cheng 2000), TOC provides
students with a framework for deeper operational
insights into managing constraints and continuously
improving a system (Rahman 1998, Finch and Luebbe
2000). In our problem solutions, we address both a
“pure” LP problem, without integrality constraints on
decision variables, and a linear IP problem, where deci-
sion variables are restricted to integers. In the further
discussion, we refer to both as LP models. For the LP
model without integrality constraints, students can also
be asked to generate a sensitivity report using the Excel
Solver and to interpret shadow prices. Given the pro-
duction quantity decisions, students can create a Gantt
chart to visualize the optimal production schedule.

The instructor has the flexibility to structure the clas-
ses following three different approaches, dependent on
the preferred teaching strategy, learning outcomes, and
available time. The first approach is to use the game as
an introductory experience to the problem before

Demand Workstation 1 Workstation 2 Workstation 3 Workstation 4 Workstation 5
Step 2 Step 3
P Step 7

Y Stepl [ |
e EEs |
Lee OJ
-
1 Y g, Step 6

Inventory Inventory Inventory Inventory

between between between between

WS1&2 WS2&3 WS3&4 WS48&5
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explaining TOC and LP (Introductory Experience). The
second approach is to first teach TOC and LP, allowing
students to find optimal solutions before using the game
as an illustration or hands-on exercise (Concept-First
Approach). Last, the instructor can begin by explaining
TOC to help students understand how to identify bottle-
necks and continuously improve a system with con-
straints. Afterward, the game can be played to apply it to
a more realistic setting, before introducing LP as a
broader, more systematic problem-solving method (Pro-
gressive Learning).

3.2. Module 2

We refer the reader to Figure 1 for a visualization of the
game setup and Table 2 on the pedagogical design of the
game.

3.2.1. Learning Objectives of Module 2. Module 2 is an
extended version of Module 1 of the game. The instruc-
tor can decide to play Module 2 after having played
Module 1 or immediately start playing Module 2 (skip-
ping Module 1) upon introducing TOC and LP. The
objective of Module 2 is to (i) evaluate different options
to increase capacity and determine the willingness to
pay for these options; (ii) evaluate the impact of competi-
tion for limited additional capacity and the overall mar-
ket demand on the profit and the production decisions;
(iii) learn how to dynamically adjust operational deci-
sions depending on competitors’ decisions; and (iv)
encourage collaborative decisions within a team.

3.2.2. Problem Description of Module 2. We start Mod-
ule 2 with capacity investment options under competi-
tion. In particular, teams have the choice to acquire
additional capacity to improve their performance. Sev-
eral options for additional capacity are available: adding
a new parallel machine or replacing old machines with
faster ones (i.e., processing times of certain types of toy
cars are speeded up).

To foster competition, the number of options is lim-
ited (fewer than the number of teams), and companies
must compete to acquire additional capacity. Therefore,
we introduce auction events with bidding for additional
limited capacity. The instructor may not reveal ahead
how many capacity options are available to create a
higher competition among teams and a more exciting
learning process. The instructor plays the role of the auc-
tion owner (i.e., seller) and sets forward auction events
in which capacity options are offered to the teams as
potential buyers. In such auction events, a starting sell-
ing price of an option is announced to teams. For our
game, we conducted English auctions,' but implement-
ing sealed-bid events would also be possible.”

Figure 3 illustrates different capacity extension options
available in the auction, each with a different capacity con-
figuration (i.e., the processing times of the new machines

and the number of workstations vary) and starting pur-
chase price.

Before bidding on the auction event, the teams can
discuss their bidding strategy and calculate their maxi-
mum willingness to pay for each capacity option, devel-
oping LP models (if needed with support by the
instructor). Next, the instructor initiates and conducts
the auction event and gives to each team that acquired a
capacity option a printed board of the new WS (WSs) to
be added in their board.

Finally, the game of Module 2 can be run similarly to
Module 1. However, different to Module 1, the instructor
announces that teams now compete for a shared market
demand (where the total demand can be less than or equal
to the sum of demands over all teams in Module 1). This
implies that teams should now carefully consider the
competition aspect when deciding how many toy cars of
each color to produce. Note that, in a competitive environ-
ment, not all produced cars may be sold if production
exceeds demand, resulting in unsold items. These unsold
items will be discarded as demand is fulfilled on a first-in-
first-out basis. The paper sheet for recording the schedule
and the total profit of Module 2 is provided in “Paper
Sheet of Module 2” in the Online Appendix. Upon finish-
ing playing Module 2, the profits of each team are com-
pared, and the winning team is announced.

3.2.3. Debrief and Concepts. The instructor facilitates a
debrief to discuss challenges faced in a competitive set-
ting, comparing the decisions teams made with and
without competition. As such, Module 2 enables stu-
dents to understand how competitive dynamics influ-
ence production and capacity decisions. This game also
serves as a practical introduction to noncooperative
game theory, illustrating that failing to properly con-
sider competitors” decisions and their impact on profit-
ability can lead to suboptimal solutions.

The instructor may also explain the concept of hori-
zontal supply collaboration among competitors, provid-
ing practical examples with competitors sharing their
scarce resources. The benefits of such collaboration can
be demonstrated with a centralized setting, where a sin-
gle decision maker maximizes the total profit of all com-
panies and allocates production quantities across
supply chain actors. The instructor can ask students to
develop an LP model for the centralized case. However,
the allocation of gains among participants poses its own
challenges, introducing students to cooperative game
theory and the broader topic of supply chain coordina-
tion. Additionally, Module 2 may also serve as an intro-
duction to the topic of auction dynamics.

4. Classroom Experience
The competitive car production game (base format:
Module 1) was developed in 2023 to teach TOC
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Figure 3. Capacity Extension Options Offered at the Auction
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Starting price $5000  Starting price $10000  Starting price $5000
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Workstation 3 Workstation 3 Workstation 3

[ 1]
I | (. I
[ I
L] ]

Workstation 3 Workstation 3 Workstation 3

[ |
[

Workstation 4 Workstation 4 Workstation 4

Workstation 4

[ | ] L]

. CILE LI
|| [ 1 EE
EE = =

.
LIl
| | |
[

principles and mathematical modeling in an introduc-
tory operations management course for second-year
undergraduate business students at IESEG School of
Management, France. Previous experience teaching the
course showed that many students struggled to

understand these concepts and found the material not
engaging, prompting the development of an interactive
game to improve learning. Since its introduction, the
competitive car production game has been expanded
with an additional module (Module 2) to broaden its

Table 3. Game Evaluations by Various Student Groups at IESEG School of Management

Strongly

Strongly  Average

Questionnaire results disagree (1) Disagree (2) Neutral (3) Agree (4) agree (5) score

Bachelor 2 BIB students (total average score: 4.33; number of students: 20)

The competitive car production game has 0 0 3 4 13 45
increased my interest in operations management

The game has increased my understanding of 0 0 3 9 8 425
production processes optimization,
bottlenecks/constraints and TOC

I would recommend that the game continues to be 0 0 0 11 9 4.45
played in future semesters

I like that the game is tangible 0 0 3 7 10 3.9

I like that the collaboration aspects of the game 0 0 4 4 12 44

I like the competitive aspects of the game 0 0 1 5 14 4.5

Bachelor 2 PGE students (total average score: 4.33; number of students: 25)

The competitive car production game has 0 0 4 12 9 42
increased my interest in operations management

The game has increased my understanding of 0 2 5 4 14 4.2
production processes optimization,
bottlenecks/constraints and TOC

I would recommend that the game continues to be 0 0 3 6 16 4.52
played in future semesters

I like that the game is tangible 0 0 2 11 12 4.4

I like that the collaboration aspects of the game 0 1 2 12 10 4.24

I like the competitive aspects of the game 1 0 1 8 15 4.44

Master Apprenticeship PGE in O&SCM (total average score: 4.19; number of students: 29)

The competitive car production game has 0 2 6 14 7 3.90
increased my interest in operations management

The game has increased my understanding of 0 2 3 16 8 4.03
production processes optimization,
bottlenecks/constraints and TOC

I would recommend that the game continues to be 0 1 3 15 10 417
played in future semesters

I like that the game is tangible 0 0 4 10 15 4.38

I like that the collaboration aspects of the game 0 0 2 14 13 4.38

I like the competitive aspects of the game 0 1 5 8 14 4.25

Notes. The game has been played with many groups, but these results represent the groups where we asked for official evaluations of the game.

O&SCM, operations and supply chain management.
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learning scope and make it suitable for Master and MBA
students. During the 2023-2024 and 2024-2025 academic
years, the game has been utilized by multiple professors
and engaged more than 500 students across Bachelor,
Master, and MBA programs at IESEG’s Lille and Paris
campuses. The content and estimated times needed for
Modules 1 and 2 of the game are given in Tables 1 and 2,
respectively.

In the fall semester of the 2024-2025 academic year, we
assessed three diverse student groups’ satisfaction with
the game using a formal questionnaire (see results in Table
3). The three student groups who assessed the game were
from the second year Bachelor in International Business
(BIB), second year Bachelor in Program Grande Ecole
(PGE), and first year Master Apprenticeship in Operations
and Supply Chain Management from PGE at IESEG. Note
that all students who evaluated the game experienced the
game as part of an obligatory (i.e., nonelective) course
with a group size of maximum 40 students. The state-
ments used in the questionnaire are similar to those in pre-
vious game articles (Luo and Munson 2022, Belién et al.
2024). The statements aimed to evaluate (a) learning and
awareness of operational topics, (b) perceptions of the
game’s competitive, collaborative, and tangible aspects,
and (c) recommendations for future use. Open-ended
questions were also included to gather qualitative insights
on learning and overall game experience (see appendix).

Table 3 shows that students highly appreciate the
game (with average scores over the groups between 4.19
and 4.33) and recommend it for use in future semesters.
Overall, students agree that the game increases their
interest and understanding of operations management
concepts, and students like the collaborative, competi-
tive, and tangible aspects of the game. The open feed-
back from the students (see appendix) further supports
these findings. In particular, related to enhanced learn-
ing, some students stated “It made it easier to under-
stand the TOC exercise after. I hope to see this kind of
exercise again” (Bachelor BIB) and “We emerged in a
real-life production dilemma, which is interesting for
the learning experience” (Master PGE). Students also
appreciated the interactive and tangible aspects of the
game, as well as its entertaining factor. For examples,
students stated “Love the idea, was fun, very interactive.
The game was a wonderful way to visualize the idea.
While having fun, I learn a lot, a ton.” (Bachelor BIB); “I
like this game!! To be fair, I am not good at dealing with
numbers, but this game exactly increases my passion to
continue to study this subject” (Bachelor BIB); and “I
really loved it, the fact that it was tangible and visible
made it clearer for me. When I encounter the same type
of exercise again, I will remember this game and it will
make it easier” (Bachelor PGE). The open feedback also
includes constructive remarks to be considered by
instructors of this game. Instructors should clearly
explain how to play the game (comment by students:

“Maybe the rules could have been explained better”
(Bachelor PGE)). In Bachelor (BIB and PGE), some stu-
dents suggested giving more explanation about TOC
before playing the game (student comment: “I thought
the game was interesting. However, the only thing I
would change is doing the game after we have gone
more into depth of the bottleneck constraints” (Bachelor
BIB). However, by extending the rules and theory expla-
nation to address these students’ concerns, instructors
should also be careful not to make the game session too
long (student comment: “It was interesting, but maybe a
bit too long. I prefer to play the game.” (Master PGE)).
Note that in the Master course, students had a very
diverse background, with some students already having
knowledge about TOC, whereas others not, explaining
why some students might have wanted extra/less the-
ory before playing the game. Some students would
appreciate more rounds to better understand the logic.
As we were constrained by the session durations (i.e.,
two hours in Bachelor courses and four hours in the
Master course), we limited the number of rounds to 40.
However, the instructor could easily adjust the number
of rounds to more than 40 or play the same module twice
before and after introducing the concepts of bottleneck
analysis, TOC, mathematical programming, and pro-
duction scheduling.

5. Conclusion

This article introduces the competitive car production
game, an educational board game designed to deter-
mine the optimal product mix under demand and capac-
ity constraints in a competitive environment. In Module
1, each team of students decides how many units of each
type of toy car to produce on their sequential production
line and competes with other teams to maximize profit.
This hands-on, competitive setting engages students
and introduces operations management concepts such
as TOC, mathematical programming, and production
scheduling. Module 2 builds on Module 1 by adding
auction events to purchase extra capacity and a competi-
tion for total market demand, expanding the learning
scope to include auctions, game theory, and supply
chain collaboration.

The game’s modular design and diverse learning
outcomes offer flexibility, allowing instructors to
tailor it to their teaching time, student skills, and
objectives. Based on both experience and student eva-
luations, we find that the game boosts motivation and
interest, helps students connect theory to real-world
operational settings, and enhances collaboration
through team-based decision making. Since Septem-
ber 2023, the game has successfully engaged more
than 500 students across MBA, Master, and postgrad-
uate courses in operations management and supply
chain management.
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For the future, the game could be expanded to include
outsourcing decisions, renting capacity from other teams,
collaboration on production capacity, and managing
uncertainties. For outsourcing, a contract manufacturer
could sell limited quantities of products to competing
teams through reverse auctions, allowing teams to decide
between acquiring new machines or outsourcing pro-
duction. Teams with extra capacity could rent it to com-
petitors via auction events. Instructors could guide
collaboration on capacity sharing and allocation, espe-
cially in supply chain coordination courses, such as those
in our Postgraduate International Negotiation program.
Adding uncertainties, like machine failures or product qual-
ity issues, could introduce concepts such as maintenance
management and total quality management. In this ver-
sion of the game, student teams cannot impact demand.
Modeling demand as sensitive to price, advertising, or
other demand-stimulating strategies would increase the

Table A.1. Open Feedback by Bachelor BIB Students at IESEG

complexity of the game and would likely require the devel-
opment of an online version.
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Appendix. Open Feedback by Different

Student Groups
The open feedback from different student groups at
IESEG School of Management (France) is provided in
Tables A.1-A.3. Note that as we did not want to change
any answers; this implies some typos still remain in the
feedback by students.

Qualitative feedback related to learning experience
Enhanced learning
e I think it’s a good and different way to learn.

e It made it easier to understand the TOC exercise after. I hope to see this kind of exercise again.
e I found the game particularly interesting as I could understand better the purpose of operations management, and the theory that

could be applied in it.

e I think it is interesting and helps understand better the exercise and lesson we are facing.

e It is a good idea to put in practice what we learn to see practically how the process works, how to respond, adjust and put in
evidence the issues, which is good for people learning by making mistakes.

e | think it is a good game to understand better the production process and also, this game motivates us to work. I think that it’s

important to put theory into practice.

e The game provides an understanding of the stakes and implications of Operations Management concepts and principles in
production, and allows us to engage ourselves completely in the reality of Operations Management.

e I found the game interactive and fun. It also helps to understand the TOC topic better.

e The game is well played before the explanation of the theory-side of TOC. It makes us more understand the concept of TOC. It
makes us feel more easier to understand through the game and makes the class less boring.

Overall, it is a good exercise and game.

Qualitative feedback related to the game experience
Interactive and tangible

Very interactive so helps to put theory into practice. I liked the interactive side.

Entertaining

e Love the idea, was fun, very interactive. The game was a wonderful way to visualize the idea. While having fun, I learn a lot, a

ton.

o | like this game!! To be fair, I am not good at dealing with numbers, but this game exactly increases my passion to continue to

study this subject.
e It was really fun and it is a really good way to learn.
e It was fun and interesting to see a complete operations.
Rules and explanation
e Best to present the rules of the game on the slides.

e Provide clear rules and clear instructions because we were confused if we can provide all products or just one product.

Game playing conditions

e Interacting to play it, however in my opinion smaller groups would have been better. Why not transferring this type of game into a
software where you can play by yourself against the others and see the current leaderboard.

All in all, it’s nice to see and learn by different way.

e I think the car production game is a good practice exercise, but I think I need more practice to fully understand the exercise.
e I would maybe prefer to exercise first and after play the game to really understand.
o I thought the game was interesting. However, the only thing that I would change is doing the game after we have gone more into

depth of the bottleneck constraints.

e I would have preferred if we did more exercises before to get it better.
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Table A.2. Open Feedback by Bachelor PGE Students at IESEG

Qualitative feedback related to learning experience

Enhanced learning

e It was very easy to understand operations management with this game.

e It allows to understand better the importance of the formula in the course. It is also fun and makes us realize that this is not that
obvious.

e It was a really good game that helps to understand with a more practical and “real” way.

e It was interesting because it was favourable to understand better the principle of the course. It was more concrete than only the
powerpoint.

e It’s a funny game to learn, it makes it easier to understand cause it is concrete.

Enhances understanding of specific concepts (e.g., bottlenecks)

e Very useful to visualize what a bottleneck is.

e It was a good way to understand the system of the bottleneck.

e it was great to have the opportunity to materialize the production process and find by ourselves how to operate in the most efficient
way.

e it was very useful, first course with practice so it helps a lot for understanding and motivation

Qualitative feedback related to the game experience

Interactive and tangible

e very nice to play, nice to be with a group and to compete with others.

o I liked the fact that the game was tangible, which helped us to visualize more the course.

e I really loved it, the fact that it was tangible and visible made it clearer for me. When I encountered the same type of exercise again,
I will remember this game and it will make it easier.

Entertaining

e The Car production game was very playful! I really had fun!

e I liked the game aspect because it was entertaining!

e It was fun.

e Iliked it a lot because it added a fun part to a concrete example. I would have loved to be able to do a second round with the ability
to change our strategy.

Rules and explanation

e the rules could be a bit more strict.

e Maybe the rules could have been explained better.

o | liked this game but at the beginning I was lost because I didn’t understand TOC and how to use it.

Game playing conditions

e The only thing is that people can cheat and are playing with the cars. Maybe something must change in the organization or the

rules.

A really good game, but a little bit too much noise when we do the game.

The problem is that we start at the beginning with the first car, but our formulas are for something continuous. That perturbated me.

It was a good game but I think that I needed to see the course again before playing and understanding all.

I think we lacked time to think beforehand of a good strategy.

Table A.3. Open Feedback by Master Students at IESEG

Qualitative feedback related to learning experience

Enhanced learning

e [ think it's a good idea to learn easily the course

Great exercise to learn the basic principles of operations management. I particularly appreciated the step by step process.
It is a great idea to learn by doing. It helps to understand better and faster

It was very interesting, this is our first course with not only theory

good exercise. Practice is nice.

good use for an introduction of Operations Management

good to understand better

we were emerged in real life production dilemma, which was interesting for the learning experience

it is very dynamic and give us a good view on the system of optimization with profit and margin

the game reflects nicely the reality

was great, might add some additional theoretical and “what-if” scenarios to better illustrate bottlenecks, TOC
very good, it was more helpful for the understanding to practice

Qualitative feedback related to the game experience

Interactive and tangible

e Good to have tangible aspects

e | have learned to work in group. It was interesting not to work with chosen people.
e I like the collaboration aspects of the game. It’s a good experience
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Table A.3. (Continued)

good, students involvement

great to have a tangible experience. Good explanations
It was amusing to play in a team and touch and see the game
Entertaining

As an introduction, it’s perfect.

Perfect, it was useful

It was cool, nice, useful, good intro I believe

good game, fun to play

fun and easy to understand

really good, tangible and fun

enthusiastic, challenge

the game was nice. The size of the team are good
nice, tangible, fun, simple

really interesting

introduction as a game is good idea

Rules and explanation

good explanations, good understanding.

maybe a more detailed introduction
need for mathematical experience

maybe have more details on how the excel solver works

Game playing conditions

strong team cooperation. Push us to have a reflexion on different aspects

the game was very great funny, we all are invested in the game and want to optimize the profit.

The explanations were good and it helped me to understand optimization processes.

would be better to see the rounds, instead of just shouting there in my opinion clearer.

Good. Could be nice to know how to solve it fully and to know the order of production

the game was nice but it would be better with informatic time keeper
It was only one session so I thought it was a little bit fast. Slower explanations would be more adapted

e it was interesting but maybe a bit too long. I prefer to play the game

e play more rounds, or more games with different alternatives, like more options
e too much people, too fast and no explications about how to improve itself
L[]

not enough rounds to understand the logic

Endnotes

' An English auction is a public, ascending auction where the auc-
tioneer sets a starting price and bid increments. Bidders place pro-
gressively higher bids until only one remains, winning the product
at the highest bid price (Talluri and Van Ryzin 2006, p. 245).

2In a sealed-bid, first-price auction, all bidders submit sealed bids
to the auctioneer without knowing bids of other participants (Tal-
luri and Van Ryzin 2006, p. 245). The bidder with the highest bid
wins the auction and pays the amount of its bid.
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